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Inthepresentarticlethe l~i~s governingtheflowofa

compressiblefluidthroughan openingina thinwallareap-

pliedto theresistanceof theairat highspeeds.

Letus firstoonsiderthereaotion,R, of a gasea.zs

jetesoapingfroma rocketformedof a tube,oneendof ~ich.
is stoppedup. At themomentconsidered,me shallcallthe

pressuresanddensitiesinsideandoutsidethetuberespect-

ive~yjP} pa,and p, Pa, andwe shallta”~e~ as the

areaofthenormalsectionofthetube. Applyingthetheorem

ofmomentum,wemay write

(1) R= (p.-PJ sl= QVSO

in ivhichQ expresses

ersestheunitofarea

thema=swhickina uiiitoftimetrav- ,

of thetruecontractedsectionSo (sum

of theminimumseot~onsoftheelementaryfilaments)ofthe jet

* Bulletinde L1InstitutAerodynaaiquede Koutchino,Vol.VI.
1920.
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intheproximityoftheopening,and v therateof flowcal-

culated‘#yassumingthatthetransformationisadiabatio,ac-

oordingto theformulaof Saint-Venant

(2)

in ‘~ich c is thevelocity-of soundfortheoutsidepressure

anddmsity. .

The

a.s~<~>
withthe

the well

(3)

(4)

.

output Q isequalto (pav)orto (pooo)according

I.,thedensityPO andthe speed Co beingconnected

densityp andthepressurep, insidethetube,by

knownrelations

( ~ )*P,
PO = (y+l) ‘

If wetakeintoccmsiderationtheequalities(2), (3),

and (4],formula(1)naybe representedas follows:

(5)

or

(6)

R .P ‘Pa=So= f (x)
S1Qv Qv ~ (c)’

c
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By introducingthesections

equalities

S and S1 definedby the

:<1,

(8) s =s’= G%. X>l
~ so Pav’c’

memayalsorepresentformula(5)as follows:

*
(9) R .=a=~ . f (X)

~av~ QV S (d)
●

Themeaningo~this lastwibstitutionisas fol107s:.

Whenv/cc 1, thepressurein thecontractedssctionSo is

equalto the outsidepressurePa,but when v/c > 1, it is

equalto

P. =
~a)+
(y +1) P

.

andthe jetmust expandstillfurtherforthepressureto

fallto pa. As appearsfrcmformula(8), St = theareaof

theactualsectioncorrespondingto suchexpansim,and S =

theareaof thesectionof an imaginaryrocket,definedby

theequality \
~=~
s S1

We thussetdownthereactionR, forspeedsv either

lessorgreate~tk thatof thesound c, at an outerden-

sityof pa.

Assuminginformula(6), v = O, m obtair~f(o)= 1/2.
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● If thefluid

fwmula~ (6)

f(v/c)= 1/2

-4*

wereincompressiblewe shouldhaveto assumein

and (7)

foraay

We canrepresent

hers

c = coand,therefore,inthatcase,

speed v.

thereactionR as the sumoftwomea-

Fi= RI++

R1 =$ Spav2

depen~sonlyontheinertiaofthefluid,andthe seoond

‘.= [f [~] -*] SPav2

expressesthe inoreasein pressuredueto thec~pressibility

of thefluid.

Letus trytoutilizetheseresultsforexpressingthe

resistanceR ofa bodyofmediansectionS movingina

coulpressiblefluidat a speed v. In a perfectlyincompress-

iblefluidtheresistancedueto inertiaaloneisnull,for

as theenergyof thebodyoannotbe transmittedto themedium,

thefluidfilamentswillrejoineachotherbehindthebodyand

thepressuresinthefrontandrearpartswill

eachother. Ina perfectlycompressiblefluid

R willnotusuallybe null,fortheenergyof

be transmittedto the surroundingfluidinthe

counter-balance

theresistance

thebodycan

formof waves.

Thefluidfilaments,deviatedby thefrontpartof thebody,

willagainjoinbehindit,buttheenergyofthefluidpar-

ticleswillbe lessenedinproportionto thenumberabsorbed “
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by the~ves& h theextremecase,

swe cm thefrcniandrearsurfaces

ly dueto thein~rtiaof thefluid,

eachother.

If weconsidertheresistance

non inverseto thatof thereaotion

thosepartsof thepres-

of thebodywhioharesole-

willalonecounterbalance

R of fluidsas a phenome-

studiedabove,substitut-

ingthemediansectionofthebodyforsectionS (seeform-
*

ULL 9),andtaking”intoaccounttheremarkjustmade,wemay

admitthat

Thisformulacanonlybe trueifthe waves,dueto theelastic-

ityofthefluid,arei’eallyformed.Now,when v/c>1, the

formationof these‘m.vesmusttakeplace,forformula(&)which

can’alsobe writtenas follows

spav = SOPOco

. determinesthepresenceof a shockwa-~e,characterizedby a

\ sucidenchange“ofsection,l!densityandspeedin frontcf the .

body.* Butwhen v/c< 1, thereis nothingto leadus to an-

ticipatetheirforpation,andconsequently,in thiscase

R=~”
sP&va

Tinally,if wedesignateby ~(v/c) a discontinuousfunc-

tion,equaltc f(v/c)- 1/2 when v/c >1, andto zero‘flhen

* Inendeavoringto lessen
of waves,wemay study
accountformula(8).

theresistancedueto theformation
perforatedprojectiles,takinginto



.

“6-

v/c<1> we canexpresstheresistance

si.hlefluidby theformula

(lo) R— = F(v/c).
Spavz

of a perfectlycGmpres-

Thiscurvehasa maximumat thepoint v/c= 1.74,which

we determineas therootoftheequatior.

[ 1A-y;1h7)2 (V)2_~=,0(c)1 ‘<Y(~)
by takingy= 1.41. Forveryhighspeeds,by takinginform-

ula (10) v/cs :, we obtain

E =[?- L)i”2(y +1?? :00555
4Y’) {2)-

1/2 ,~pav2

Intruefluidswemusttakeintoaccountthefrictionon

the wallsof thebodyandalsothefactthattherelative

speednearthe tillsmaybe greaterthemtfi.espeedof thepro-,
jectileandthatroughnessesonthewallsmaythenactas

\
small,independentobstables. Inthiscasememaygeneralize

formula(10), say,as follows:

R=
a. + al F(v)+(~) a2F!~) ~.....

Saav2 ($2C)

Thecoefficientsao,al, az, .... and$ 61> 2’ .’””de-

pendonlyon theformof theprojectileendin termsin which

thekinematicviscosityexplicit~yfigures.

As a firstapproximation,wemay take



(11) R— = k + F(v/c),
sPav2

in nhioh k isthecoefficientof resistanceoftheprojec.

tileat lowspeeds,Theheavylinediscontinuouscurveshown

intheplateB.1hasbeencalculatedby assuminginformula

(11),k = 0.114.Thisisthe coefficientgivenby General.??.

MaievskiinhisEallistice.~hedottedcurvehasbeencalcu-

lated,by theformula

by givingto v/c values

k + t(V/C)- 1/2

<1 (seeformula6). Thep~ints

shownonthefigureexpresswellknownresultsofexperiments

uadeinvariouscountries.

On theAutomaticRotationofProjectiles.

The instabilitywhichm observeinprojectilesshotinto,

theair withoutbefiggivena mcvementofrotationabouttheir

axisof symmetry,or withoutstabilizingplanes,isa phenom-

enonofautomaticrotation,

Takea lightmodelofa projectile,a; (seeFig.1 given

below;throughthecenterof gravity,assumedasbeingnottoo

0
b

a+ ~. /-//

/’c

“~

d

(4
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neartheextremities,passan axisnormalto theaxisof sym-

metryoftheprojectileandableto turnfreelyin thecenters,

cc> ofthefork d. Placingthewholedeviceinan airour-

rent,as indicatedby thearrow,v, = observethatthemod-
.

el maybe put ina stateofautomaticzotatior~ine’ither direc-

tion,accordingto the initialimjjulseimpartedto it.

7% canpreventtheccourrenceofthisphenonenaofauto-

. maticrotationby bringingthecenterofgravitysufficiently

nearoneend,crby fittingtheprojeatilewithstabilizing

planesora tail. Theflightof suchprojectiles,as fired

fromtrenchguns,is,as weknow,muchmoresteady.

Theautomaticrotationof projectilesisdue,as I showed .

inmy azticleontheautGreaticrotationof rectangularplates,*

to thesuetionproducedby thesystematicformationofvor-

tices b behindtlx?.extremityof t~ projectilemovfigwith ,

the wind(seefigtsre).

The suetioneffeetofvorticesintheirincipientstage
,

is wellbro-~ghtoutby theexperimentonpendularmotionsin
.

. . a fiuidstream.**

Mr.vonKarmanfs TheoryoftheResistanceof Fluids***

is alsocon~ected;tiththisphenomenon. .
*

**

***
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